Abstract
Introduction
Symptomatic cerebral neurological complications (SNC) are a major cause of morbidity and mortality in patients with infective endocarditis (IE) and may interact with the decision for surgery. [1] Although not recommended by previous guidelines, systematic neuroimaging procedures (NIP) such as brain MRI or CT scan to look for asymptomatic cerebral neurological complications (AsNC) are often performed in patients with IE during everyday care. The discovery of such complications may impact the surgical management of the patient. For instance, as valve surgery is indicated in patients with large vegetations persisting after one or more symptomatic or silent embolic events, [2] the detection of an asymptomatic small ischemic event could lead to surgery. Conversely, the finding of a large hemorrhage may lead to postpone a surgical procedure.
However, the impact of the detection of AsNC on the prognosis of patients without clinical symptoms is not well known and differs according to studies. In a study by Thuny et al., a brain CT scan was performed systematically in 453 patients, 17 (4%) of whom had AsNC and a mortality rate that was not different from that of the 344 patients without neurological complication (NC) though lower than that of the 92 patients with SNC. [3] In a study by Duval et al., systematic brain MRI in IE patients showed a rate of NC as high as 80%, corresponding mostly to asymptomatic lesions. In addition, in this study, these findings impacted both diagnostic classification and patient's management plans, especially indication for valve surgery. [4] In the study by Cooper et al., on 40 patients with left-sided IE and brain MRI, [5] 70% had MRI evidence of subclinical brain embolization; 3 month-mortality was similar in the 13 patients with SNC and in the 19 patients with AsNC, but significantly higher than the mortality of the 8 patients with no cerebral lesions.
These different results regarding the impact of AsNC on mortality may partly be explained by the different sensitivity of CT scan and MRI in detecting asymptomatic NC and by the lack of statistical power. [6] Furthermore, the prognostic role of surgery among the various groups of patients according to their neurological status was not assessed.
Using our database originating from a large population-based study, our goals were: 1) to describe and compare the characteristics of patients with IE according to the presence or absence of SNC or AsNC as detected by systematic cerebral imaging performed in routine care and 2) to describe the relationship between NC, whether symptomatic or not, and valve surgery and outcome.
Methods

Patients and design
Among 938 notified patients, 497 cases of expert-validated definite IE were analyzed from a population-based observational survey conducted in 2008-2010 in France. [7] The design of this study and the type of data recorded have been described in details previously. [8] The study was approved by an institutional review committee (Comité de Protection des Personnes, Besançon, December 2007). Patients were informed of the study but did not have to provide individual consent, in accordance with French legal standards. Patient records/information was anonymized and de-identified prior to any analysis.
The present study is based on the 283 patients with definite left-sided IE who had at least one NIP (cerebral CT scan and/or MRI) performed as part of initial patient's evaluation.
Collection of neurological clinical and imaging data. Neurological complications were considered as symptomatic when patients presented with clinical signs (focal neurological deficit or decreased level of consciousness) or asymptomatic when patients had no clinical signs but abnormalities identified by systematic NIP. Neurological complications were classified as transient ischemic attack, permanent ischemic emboli, cerebral hemorrhage, brain abscess, or intracranial mycotic aneurysms according to the report of physicians in charge and to the results of NIP as interpreted by local radiologists. The diagnosis of meningitis was based on the clinical presentation and the presence of cerebrospinal fluid pleocytosis and/or positive bacterial cultures. Undefined cerebral events gathered patients with neurological symptoms that could not be classified in any of the other categories.
Surgical data. The indication for heart valve surgery during hospitalization was determined by the physicians in charge of the patient. For each patient, theoretical indication or lack of indication for surgery was prospectively recorded based on current guidelines using a predefined item list. Furthermore, the type of indication was classified as hemodynamic, infectious, embolic or a combination of these. [2] For each patient, the reasons for not performing surgery while theoretically indicated were recorded. Two different time intervals were calculated: 1) time from diagnosis to surgery was the time interval between the day of diagnosis and the day of surgery, 2) surgery timing was calculated as the time interval between surgical indication and surgery and was classified as 'emergency' if it was less than 48h, 'elective' if surgery was performed later, and 'delayed' if surgery was postponed because of a transitory contraindication.
Mortality and follow-up. The in-hospital and one-year mortality rates were defined as the number of patients who died respectively during the initial hospital stay or during the year following the beginning of the initial hospital stay, whatever the cause of death, divided by the study population size. One-year all-cause mortality was collected from the patient's general practitioner, and when not available, from the French administrative registries and was obtained for all patients.
Statistical analysis
Quantitative data are expressed as mean ± standard deviation and qualitative data as absolute and relative frequency. Comparison between different subgroups of patients was performed with the Chi-2 or the Fisher exact test for qualitative data and with the Student t test or the Wilcoxon test for quantitative data.
A first analysis of prognostic factors for in-hospital and 1-year mortality was performed among the whole population by a multivariate Cox model according to the neurological status with an adjustment for surgery. The variable "neurological complication" was categorized as absence of, symptomatic, or asymptomatic.
A second analysis of prognostic factors for in-hospital and 1-year mortality was performed among the patients with NC by bivariate and multivariate Cox models with an adjustment forced on valve surgery. Variables "septic shock" and "valvular surgery" were analyzed as timedependent variables.
Results of Cox models are expressed as hazard ratios with a 95% confidence interval. Survival estimates were computed by use of Kaplan-Meier methods. Log-rank tests were used to compare survival of patients according to the 3 categories of neurological complication. These were also performed among the operated or non-operated patients with or without surgical indication.
A p value less than 0.05 was considered significant. For multivariate models, a stepwise variable selection with a sle = 0.1 and sls = 0.05 was applied. SAS 9.3 software was used for statistical analysis.
Results
Population
Among the 497 patients enrolled in the initial epidemiological study, 330 had at least one NIP (66%). Among the 399 with either left-sided or bilateral IE, 283 hat at least one NIP (71%). Characteristics of those 283 patients (106 male, mean age: 62.1±15.1 yrs) are displayed in Table 1 . Of note, the 116 remaining patients who did not have systematic NIP had similar background characteristics than the patients without symptomatic NC (S1 Table) . Among the 283 patients with NIP, 181 patients had only a CT scan, 35 had only a MRI and 67 had both MRI and CT scan (Fig 1) . Among the 67 patients with both NIP, 37 had both abnormal CT scan and MRI and 30 had normal CT scan, of whom 19 had abnormal MRI with evidence of ischemic stroke in 18 and of a very small hemorrhage in 1 patient. Among the 248 patients who had a CT scan, it was normal in 130 patients, and revealed a NC in 118 patients, of which 29 (12%) were asymptomatic. Among the 102 patients who had a MRI, it was normal in 34 patients and revealed a NC in 68 patients, of which 23 were asymptomatic (22.5%). AsNC patients had MRI more often than SNC patients (23/35, 65.7% vs 45/100, 45.0%; p = 0.03).
As a whole, 100 patients presented with at least one symptomatic neurological complication (SNC group), 35 patients formed the AsNC group and 148 had normal NIP and constituted the NoNC group (Fig 1) .
Characteristics of patients with neurological complications
Among the 135 patients with NC, 29 patients had more than one type of complication. The distribution of the different types of NC is displayed on Table 2 .
Among the 100 patients with symptomatic NC, 40 episodes occurred before the beginning of IE antibiotic therapy, 17 on the same day and 43 after, of which 22 (51%) occurred during the first 5 days (Fig 2) .
Comparison of patients according to their neurological status
The characteristics of different patient subgroups are summarized in Table 1 . Patients with any NC (SNC+AsNC) had a higher rate of prosthetic IE, of embolic events other than cerebral, of mitral location (especially if located on calcified mitral annulus), of septic shock and of elevated CRP, a longer size of vegetation, lower left ventricular ejection fraction, and a lower rate of significant valvular regurgitation than those with NoNC.
Patients with SNC had an older age, a higher rate of elevated CRP, a lower rate of significant valvular regurgitation and a higher rate of IE due to Staphylococcus aureus than those with AsNC Patients with AsNC were younger and had a higher rate of community-acquired IE, of other embolic events and of intracardiac abscess than those with NoNC
Surgical indications and management
A theoretical surgical indication was reported in 196 (69.2%) patients: 101 NoNC (68.2%), 29 AsNC (82.8%) and 66 SNC (66.0%) patients (Fig 1) . Among these 196 patients, the type of indication was different among patients with and without NC, being significantly more often related to the prevention of embolic event in patients with NC (38% (38/100) of NoNC, 61% (17/28) of AsNC, 80% (51/64) of SNC patients with a specified surgical indication) and more often related to hemodynamic consequences of IE in patients without NC (Table 3) . Cardiac surgery was performed in 150 patients (53.0%): 80 in noNC (54%), 27 in AsNC (77%) and 43 in SNC (43%) (p = 0.0005). Among patients who were operated on, surgery was more often performed either as an emergency measure or postponed due to temporary contraindication in patients with NC than in patients without NC who more often underwent elective procedure (Table 3 ). Reasons why surgery was not performed in the 25 patients with NC and theoretical surgical indication were the following: poor general health status (n = 9), early death (n = 5), neurological status (n = 4), disappearance of the vegetation before surgery (n = 1) and improvement under medical therapy (n = 1).
Mortality and prognostic factors
One third of the patients with SNC had significant neurological sequelae at the end of hospital stay. In-hospital and 1-year mortality rates were respectively 16.9% / 24.3% in NoNC group, 8.6% / 8.6% in AsNC group and 42% / 49% in SNC group (Table 4) . Kaplan-Meier curves are displayed in Fig 3 and show a significantly better prognosis of patients with AsNC than patients without NC, the worst prognosis being that of patients with SNC. This was also the case when considering non-operated patients but no longer when considering only operated patients (Fig  3) . Among patients with NC, mortality of patients who were operated on was lower than that of patients who had an indication for surgery but who were not operated on. Among the 80 patients with normal NIP who underwent surgery, 2 patients had post-operative new neurological symptoms that quickly resolved: NIP revealed multiple new small ischemic strokes in one patient and a small intracranial hematoma probably related to mycotic aneurysm rupture in the other one.
Among the 70 patients with NC who underwent surgery, 5 died from NC (2 with major cerebral hemorrhages, 1 with multiple new embolic events, 1 with large ischemic stroke preexisting before surgery and 1 from multiple organ failure together with cerebral abscess complicating initial stroke) and 9 died from another cause. Among survivors, 11 out of 56 (19%) patients had neurological sequelae, but only one patient's neurological status worsened after surgery with an increased size of initial ischemic stroke after surgery.
When adjusted for surgery, SNC was a significant prognostic factor with an OR of 2.7 [95% CI: 1.6-4.5] for in-hospital mortality and of 2.5 [95% CI: 1.6-3.8] for one year mortality. Surgery had a protective effect, but AsNC was no longer predictive of prognosis (Table 5) .
Among patients with NC (n = 135), age, renal failure, septic shock and S. aureus IE were predictive of in-hospital and 1-year mortality (Table 6 ). Furthermore, SNC was also predictive of 1-year mortality.
Discussion
This observational study describes the incidence, the characteristics and the management of both SNC and AsNC in a large cohort of left-sided IE patients with systematic neuroimaging procedures. The prognosis of patients with SNC was found to be poor and significantly worse than that of patients with AsNC. Furthermore, the prognosis of patients with AsNC was even better than that of patients without NC. In parallel, the rate of surgery was the highest in patients with AsNC, with a high rate of indication related to the prevention of an embolic event. The combination of these results suggests a protective role of surgery guided by systematic neuroimaging results in AsNC.
Neuroimaging procedures
The percentage of patients with SNC ranges from 12% to 35% in the literature depending on the definition used and is in accordance with the 25% rate in our population-based study. [3-5,9-11] Although not explicitly recommended in the European Society of Cardiology previous guidelines which only stated that "systematic abdominal and cerebral CT scan may be helpful", [2] CT scan or MRI are common and now recommended diagnostic procedures in patients with IE, even in the absence of neurological symptoms. In the 2008 French survey on IE, (8) as much as 70% of the patients with left-sided IE had a NIP, of whom 65% had it in the absence of any neurological symptom. The aim of these systematic imaging procedures is to assess the existence of asymptomatic complications of IE, which may both support the diagnosis and modify the therapeutic strategy. The visualization of large vegetations often leads practitioners to perform such examinations. Indeed, in the 2008 French survey on IE, patients with vegetations longer than 15 mm more often had a NIP than patients with no or with small (< 5 mm) vegetations (74% vs 61%). The percentage of abnormal findings varies depending on the type of NIP used. Cerebral MRI is superior to CT scan in determining small areas of ischemic and hemorrhagic lesions. [6] Rates of abnormal findings range from only 4% in asymptomatic patients by CT scan [3] to 65-80% by MRI. [5, 9] Highly sensitive MRI sequences found abnormalities in 82% of the patients in the IMAGE study, although only 12% were symptomatic. [4] The most frequent lesions were ischemic (37%), and hemorrhagic, from microbleeds to intracerebral hemorrhages. Routine screening by brain CT and CT angiography (CTA) revealed intracranial mycotic aneurysms in 32% of a series of young patients with IE. [12] Our study revealed asymptomatic lesions in 12% of the population when considering both CT scan and MRI, rising to 25% among patients with MRI, which were mostly ischemic (85%). So, our percentage is in complete agreement with the 21% of large ischemic lesions reported in the IMAGE study.
Neurological complications and surgery
Neurological complications are well known to influence both management and prognosis of IE patients. However, few studies specifically assessed the impact of asymptomatic cerebral lesions. One of our important findings is that AsNC patients are more often operated on than SNC patients and even than NoNC patients. Our rate of 77% is comparable to the 70% rate of surgery in asymptomatic cerebral embolism reported by Thuny. [3] As a comparison, the rate of surgery among patients with symptomatic neurological complications is around 23% in the ICE-PCS cohort [13] and is 43% in our series. As the presence of a previous embolic event associated with large vegetations constitutes a surgical indication, the finding that patients with ischemic NC more often had a surgical indication is logical. In our series, a surgical indication including the prevention of embolism was reported in 50% (38/148) of the patients with NC 
Neurological complications and prognosis
Another interesting finding of our study is that patients with AsNC had a better one-year survival than those with SNC, but also than those without NC. In the study by Thuny,[3] the 17 patients (4%) with silent cerebral embolism detected by systematic CT scan had a similar death rate than those without NC and a better prognosis than those with SNC. However, this lack of difference of prognosis between AsNC and NoNC patients was more evident after a long period of followup (7 years). Notwithstanding, the mortality curves during the first years were in favor of patients with AsNC. Furthermore, as CT scan discovered only 4% of asymptomatic lesions, small silent ischemic events may have been undiagnosed among asymptomatic patients, thus reducing the power to detect statistically significant differences between both groups. In the light of these results, one might hypothesize that the high rate of surgery in patients with AsNC is responsible for their better prognosis. The results of our multivariate analysis are in agreement with this hypothesis by showing that AsNC does not influence prognosis by itself in opposition to SNC and surgery which have significant and inverse influence on mortality. There has been conflicting results regarding the benefit of surgery in patients with IE depending on the studied population and on the statistical method used. [14] The only randomized study compared early surgery versus conventional therapy (with a 77% rate of surgery) in a highly selected population of young people with streptococcal IE, severe regurgitation and large vegetations. It concluded that early surgery significantly reduced the composite endpoint of death from any cause and embolic events by effectively decreasing the risk of systemic embolism. [15] Of note, in our study, patients with AsNC had the shortest time to surgery, although not significantly so.
The in-hospital and long-term mortality of operated patients was not significantly lower among patients with AsNC than among those with SNC, which is in agreement with the recent study by Misfeld. [16] However, patients with SNC who were operated on had a better prognosis that those who were not operated on, even with no indication. Although these results may be debatable because surgical indications were probably underdiagnosed in those patients due to their neurological status, they suggest that cardiac surgery must always be considered even in symptomatic patients. Our study is therefore a supplementary argument in favor of surgery in patients with embolic risk.
Obviously, indications for systematic imaging methods have to be extended, as their results may considerably change the surgical plan for the patients and perhaps improve their prognosis This is the case in the recent European guidelines which recommend imaging for embolic events in their diagnostic algorithm. [17] 
Limits of the Study
This study reflects the use of NIP in the daily care of patients with IE in France. Although MRI and CT scan are well known to have different diagnostic value, all our patients did not have MRI and some of the patients with normal CT would probably have been classified as abnormal if an MRI had been performed. There may be a selection bias with patients having NIP probably originating from more experienced or tertiary centers; however the comparison between patients with and without NIP did not show significant differences (S1 Table) . Furthermore, an initially normal NIP does not preclude the occurrence of asymptomatic NC later on, so some of the patients classified as NoNC could have been AsNC if the NIP had been performed later.
Conclusion
Neurological events remain a severe complication of IE when they are symptomatic. However, the use of systematic NIP allows early identification of asymptomatic complications which often prompt practitioners towards a more aggressive management with more frequent surgery, and this was associated with a better prognosis in our study. These results, along with those of the only randomized study on surgery in IE, [15] advocate for the clinical importance of early systematic neuroimaging procedure and early use of surgery that are emphasized in the recent guidelines on IE.
Supporting Information S1 Table. Comparison of general characteristics of the 116 patients with left sided IE without neurological complications and without neuro-imaging procedure versus the 148 patients with left-sided IE without neurological complications and with normal neuroimaging procedure.
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